EXTREMES of vascular hypotension lead to ischaemic anoxia, and so in using a technique of induced vascular hypotension, in which the blood pressure is deliberately reduced to low levels, limits of safety must be determined for the various parenchymatous organs of the body. Of all the tissues in the body the brain has the least tolerance of anoxia. In studying the effects of induced hypotension, therefore, it is supremely important to determine the lowest levels of blood pressure at which normal cerebral metabolism can be maintained, both in health, and in the presence of arterial disease. An attempt has been made to do this in three conscious subjects.
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(Chichester and Portsmouth Hospital Groups) EXTREMES of vascular hypotension lead to ischaemic anoxia, and so in using a technique of induced vascular hypotension, in which the blood pressure is deliberately reduced to low levels, limits of safety must be determined for the various parenchymatous organs of the body. Of all the tissues in the body the brain has the least tolerance of anoxia. In studying the effects of induced hypotension, therefore, it is supremely important to determine the lowest levels of blood pressure at which normal cerebral metabolism can be maintained, both in health, and in the presence of arterial disease. An attempt has been made to do this in three conscious subjects.
Tests for normal cerebral function may be psychological, such as the arithmetical and association tests, or psycho-physical such as the flicker-fusion test (Nilsson, 1953) , or purely physical, as in the electroencephalogram or EEG. The last of these seemed preferable for the present investigation, by virtue of its objectivity, and its ability to record fleeting changes of cortical activity.
There is plenty of evidence that the electrical activity of the brain, manifested by the electroencephalogram, can be used as an index of cerebral cellular activity, and that anoxic interference with cerebral metabolism is reflected by changes of electrical rhythm. The effects of ischemic anoxia have been studied in animals by Beecher, McDonagh and Forbes in 1938 . Working with cats they found that reduction of blood pressure below 30 mm.Hg systolic, by bleeding or cardiac tamponade, abolished cortical rhythm, while restoration of the blood pressure was followed by resumption of cortical activity. Sugar and Gerard, also in 1938, obtained similar results by vascular occlusion.
Gurdjian, Webster and Stone (1949) , investigating the effects of anoxemic anoxia, found that the inhalation of atmospheres containing 11 6 % oxygen caused slowing of the dominant cortical frequencies in dogs, and the time required for recovery of normal rhythm varied with the degree and duration of the oxygen lack.
In man, Davis et al. (1938) found that respiration of an 8% oxygen atmosphere for ten to fifteen minutes caused the normal alpha rhythm of about 10 cycles per second to be replaced by slow delta waves of less than 4 cycles per second. Gibbs et al. (1940) showed that when the oxygen saturation of the cerebral venous blood fell from the normal level of 65 % to 28 % consciousness was lost, and the normal alpha rhythm was replaced by delta waves, with reduction of the total electrical energy of the cortex. In the investigation of flying hazards by centrifugal cerebral aneemia (Franks et al., 1945) , it was found that loss of consciousness was accompanied by a slowing of cortical frequencies, and that with return of consciousness normal cortical rhythm returned also. Kaufman and Hoagland (1946) sum up the relationship between the EEG pattern and cerebral metabolism thus: "the frequency of the alpha rhythm is directly proportional to the velocity of a chemical pacemaker or bottle-neck in the serial chain of enzyme-catalysed events involved in cerebral respiration." The dominant frequency is slowed by factors which reduce the rate of cerebral respiration, and accelerated by factors which increase the liberation of metabolic energy in the brain.
From the above results, and those of others such as Noell and KornmLiller (1944) , Swank and Foley (1948), Lyman et al. (1941) and Iwana (1950) , it appeared reasonable to use the electroencephalogram as an index of cerebral cellular anoxia during induced vascular hypotension. EXPERIMENTAL METHODS A combination of posture, and autonomic blockade by a drug of the methonium group was used to lower the blood pressure of three conscious subjects breathing room air (Enderby, 1950) . Electroencephalographic recordings were made continuously before, during, and after the period of induced hypotension.
Pentamethonium iodide (C5) was given intravenously in doses between 40 and 240 mg. in the horizontal position. After the blood pressure had fallen in response to the drug (usually to the level NOv.-ANESTH. I of 80-100 mg.Hg systolic), the subject was tilted into a foot-down position varying between 5 degrees and 45 degrees, depending on the response obtained.
RESULTS
Case L.-In one normotensive subject it was impossible to lower the B.P. below 80/60, despite a total dose of 240 mg. of pentamethonium iodide given over a period of twenty minutes, and a foot-down tilt of 45 degrees. There was no alteration of the alpha rhythm in this case ( Fig. 1 ). The other 2 cases are described in detail, and their EEG recordings shown in Figs. 2 and 3. Case II.-Normal male aged 38, with a resting B.P. of 130/80, and a resting alpha rhythm of 9 cycles per second and amplitude of 40 microvolts ( Fig. 2A ). 100 mg. of C5 were injected intravenously in divided doses over a period of six minutes, with the subject in the horizontal position. At the end of this time the blood pressure was 90/60, and the EEG pattern was unchanged. The subject was then rapidly tilted into a 45 degrees foot-down position. This was quickly followed by a precipitate fall of blood pressure to unrecordable levels. In the EEG, alpha rhythm was completely abolished, and the record dominated by medium voltage delta waves of 1-2 c/s (Fig. 2B ). The subject became unconscious, and developed clonic convulsions involving the face and arms. The tilt of the table was now rapidly reversed to a 10 degrees head-down slope. One minute later the B.P. was 40/?, and consciousness was returning. The alpha rhythm was also returning at its normal frequency of 9 c/s, but with a reduced amplitude and persistence ( Fig. 2c ). Four minutes later, with the subject in the horizontal position, consciousness had fully returned. The alpha rhythm was restoredto normal frequency and amplitude (Fig. 2D ), and the blood pressure was 105/70. Thirty minutes later a gradual footdown tilt to 15 degrees reduced the blood pressure to 55/30, that is, a fall of 61 Y. of the mean arterial pressure. At this point the subject complained of feeling light-headed, and the EEG showed a 40% decrease in the amplitude of the alpha rhythm, although the normal frequency still persisted.
I
Case III.-Arteriosclerotic man of 57, with a resting B.P. of 200/120, and a resting EEG record of normal amplitude at 7-8 c/s (Fig. 3A) . 40 mg. of C5 were given intravenously in divided doses over a period of six minutes, in the horizontal position. The B.P. fell steadily to 80/60, that is, a reduction of 54°/0 of the mean arterial pressure, without any change in the frequency or amplitude of the cortical rhythm. When the B.P. reached 70 mm.Hg systolic the frequency was still unaltered, but there was a reduction of amplitude, particularly in Lead 3. The subject was now tilted into a 5-10 degrees foot-down position. The B.P. fell rapidly. As the systolic pressure passed the 55 mm.Hg level the resting rhythm became replaced by slower waves of greater amplitude. One minute after tilting, the B.P. was 35 mm.Hg systolic (the diastolic pressure could not be obtained). The subject was unconscious, and tonic-clonic convulsions of the face and arms were commencing. At this point the EEG was dominated by slow delta waves of 0-3 c/s, 0-5 c/s and 1 c/s, in irregular combination (Fig. 3B) . A slight head-down tilt was now assumed, and oxygen administered. slowly to 110/75 over the next ten minutes, and consciousness began to return. In Fig. 3c (ten minutes after B) faster frequencies of 2-3 c/s are appearing in the record, which is, however, grossly abnormal. After a recovery period of twenty-five minutes the subject was conscious but euphoric, with a B.P. of 180/85. The EEG was still abnormal, although the very slow activity of 0*3-1 c/s had subsided, and the background frequency was returning to a more normal pattern (Fig. 3D) . A follow-up tracing taken seventeen hours later showed complete return to the normal rhythm. DIscussIoN Conclusions to be drawn from an investigation of the cerebral circulation and cerebral metabolism in conscious subjects can apply only loosely to the assessment of conditions under general anmsthesia. Schmidt (1950) , and Wechsler et al. (1951) have shown that under light thiopentone narcosis cerebral metabolism is reduced by almost 40%, so that discrepancies between oxygen supply and demand are less likely to occur under anmsthesia than in the conscious subject. Any conclusions to be drawn from the preceding experiments will be made with this reservation in mind.
The immediate results of acute hypotension were the same in Case IL and Case III. Consciousness was lost, followed by the onset of epileptiform movements, and the electrical activity of the brain was profoundly disturbed. This state of affairs corresponds to the effects of anoxemic anoxia produced experimentally by breathing an atmosphere of 8 % oxygen or less, for ten to fifteen minutes (Davis et, al., 1938) . Under these conditions, when the oxygen saturation in the internal jugular vein falls from the normal 65% to 28%, consciousness is lost and the EEG dominated by slow rhythms (Gibbs et al., 1940) . Thus, profound vascular hypotension produces an element of cerebral cellular anoxia comparable to that produced by marked anoxemic anoxia.
It will be noted that the fall of B.P. was not accompanied by a gradual change of consciousness or cortical rhythm (Fig. 4) . In the normal subject the systolic pressure was reduced from 130 mm.Hg to 55 mm.Hg without any change of consciousness or electrical activity, and it was only at the latter level that a complaint of light-headedness and a diminution in the alpha rhythm gave warning that the cerebral circulation was becoming inadequate. In the arteriosclerotic subject, a proportionately greater fall of systolic pressure from 200 mm.Hg to 80 mm.Hg (but a comparable percentage fall of mean arterial pressure) produced no apparent change of cerebral activity, and it was not until the 70 mm.Hg mark was reached that the first signs of diminished electrical activity appeared. A further fall to 55 mm.Hg completely abolished consciousness and resting rhythm.
In both subjects changes of cortical activity had the quality of suddenness; the cortical rhythm changing from normality to gross abnormality over a narrow range of B.P. In the normal subject the upper limit of this range was 55 mm.Hg systolic, and in the arteriosclerotic about 75 mm.Hg.
The recovery of the two cases was very different. Whereas the normal subject (Case II) recovered rapidly and completely once the blood pressure rose above 50 mm.Hg, the arteriosclerotic subject showed a delayed recovery of consciousness and cortical rhythm, long after the B.P. had been restored to levels well above the point at which cerebral functions had first become disturbed.
Herein may lie the explanation of prolonged recovery times sometimes seen in patients submitted to controlled hypotension by means of posture and vasodilator drugs. It may be that cerebral anoxia, and not the anesthetic drug, is responsible for the prolonged coma.
SUMMARY
The electroencephalogram (EEG) has been used as an index of cerebral cellular anoxia in induced vascular hypotension.
Three conscious subjects were submitted to induced vascular hypoten&ion by a combination of posture and a vasodilator drug. Continuous EEG recordings were made throughout the experiments.
In one subject the blood pressure failed to reach critical levels. In the other two subjects severe hypotension was accompanied by coma, convulsions, and profound disturbance of cortical rhythm. Recovery was prompt in a normal volunteer, but markedly delayed in an arteriosclerotic subject.
The significance of these findings is discussed in relation to ischaemic cerebral anoxia.
The Depression of Respiration by the Opiates and Its Antagonism by Nalorphine By R. I. BODMAN, M.B., D.A.
Hillingdon Hospital, Middlesex
A NEW colour film entitled "Nalorphine" was shown by courtesy of the Wellcome Research Institution. The film demonstrated the action of nalorphine as an antagonist to morphine, methadone and thiambutene. A dog was shown deeply narcotized with morphine; nalorphine was injected into a leg vein and the dog woke up with startling rapidity-in twelve seconds he was sitting up and in half a minute he was running round.
All the effects of morphine are antagonized by nalorphine. The depressant effect on the respiration of a dog was shown to disappear in less than a minute. The effects on temperature were shown in rabbits: morphine alone produces a fall in temperature, if nalorphine is given simultaneously with morphine then there is only a very slight fall, comparable with that produced by nalorphine alone. The effect on gastro-intestinal propulsion was shown in rats: morphine alone causes a marked delay in the passage of food, nalorphine alone hardly any delay; morphine and nalorphine given together cause little more delay than nalorphine alone.
Methadone and its analogues, also pethidine and thiambutene share the actions of morphine and are antagonized by nalorphine. This was demonstrated on two animals, one narcotized with methadone and the other with thiambutene.
